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Description 

RELD OF THE INVENTION 

5 This invention is in the field of melt-fabricable f luoropolymers. 
BACKGROUND OF THE INVENTION 

Polyletraf luoroethylene (PTFE) is known for its low surface energy and antistick properties and thermal and chem- 

10 leal resistance. Unfortunately. PTFE does not readily flow in molten form and thus cannot be fabricated by conventional 
melt-fabrication techniques, e.g. extrusion or injection molding. Melt-fabricable copolymers of tetrafluoroethylene (TFE) 
with at least one additional perfluorlnated comonomer have been developed which possess many of the properties of 
PTFE but which can be melt-fed^ricated. As in the case of PTFE, these copolymers do not stick to other materials, espe- 
cially dissimilar materials, with any practical degree of bond strength. 

15 There are also melt-fabricable copolymers of TFE with f luorlnated monomers having sulfonyl fluoride functionality. 
Such copolymers are formed into sheets and subsequently reacted to the acid or salt form for use as ion-conductive 
membranes. The amount of comonomer in these generally homogeneous copolymers is substantial in order to provide 
the desired ion-oonductive properties. This large amount of functional comonomer substantially reduces tiie thermal 
and chemical resistance of the pert luoropolymers. Similar polymers were used by Grot in U.S. Patent 3.692,569 which 

20 discloses a surface-active f!uorocarlx)n object comprising a substrate of f luorocarbon polymer coated with a copolymer 
of TFE and a f luorinated monomer containing a sulfonyl group, preferably the sulfonic acid group, to render tiie coated 
f luorocarbon polymer water-wettable. printable, and cementable. These properties permit the application of dyes, inks, 
and cements to the surface-active fluorocarbon object at modest temperature, such as room temperature. As shown 
below (Comparison A), when such copolymer in the acid form is coated onto PTFE and then conpression molded 

25 against an aluminum sheet, the adhesion between the copolymer and a dissimilar material, e.g.. aluminum, is so weak 
that it cannot be tested by conventional peel strength testing, i.e. tiie bond has no peel strength. 

Kurihara & Tatsu in German Patent Application DE 44 37 573 and Golding & Ezzell in U.S. Patent 4.916,020 dis- 
close additional melt-f lowable homogeneous functional f luoropolymers useful as adhesives. In the German application, 
the functional f luoropolymer contains at least 2 wt% of perf luoro(vinyl etfier) comonomer containing sulfonic acid or sul- 

30 fbnate. In tiie '020 patent, the functionality of the fluoropolymer is provided by sulfonic or cartx)xylic groups or deriva- 
tives ttiereof in a concentration that results in the fluoropolymer having equivalent weight that is preferably from 600 to 
3000. Ruoropolymers exemplified had equivalent weights in the range 794-1 142, corresponding to a functional mono- 
mer concentration of about 56-39 wt% for the polymers identified in the patent as the most commonly available poly- 
mers. In ttiese instances, the amount of functional f luoromonomer used in the melt-f lowable fluoropolymer detracts from 

35 the tiienfnal and chemical characteristics of the fluoropolymer under use conditions. 

There is a need for melt-f lowable perfluoropolymer which is useful as an adhesive to dissimilar materials but which 
substantially retains the thermal and chemical resistance of the perfluoropolymer at normal use conditions. 

SUMMARY OF THE INVENTION 

40 

The present invention satisfies the need for melt-f lowable fluoropolymer with adhesive properties, but largely retain- 
ing the properties of non-functional fluoropolymers, by non-homogeneously incorporating by copolymerizatlon small 
amounts of functional comonomers into the original fluoropolymer. 

Specifically, this invention provides particles consisting essentially of melt-flowable fluorinated polymer, tiie parti- 
es cles having a shell of fluorinated copolymer containing copolymerized units of functional monomer. In greater detail, the 
prefen-ed particle can be described as having a core of a melt-flowable first fluoropolymer consisting essentially of 
tetrafluoroethylene and at least one copolymerizable perfluorlnated non-functional monomer, and a shell of a melt-flow- 
able second fluoropolymer comprising tetrafluoroettiylene. at least one copolymerizable non-functional perfluorlnated 
monomer, and at least one copolymerizable functional nfX)nomer. Pretended functional monomers include functional 
50 fluorovinyletiiers. 

The fluoropolymer particles of the present invention are non-homogeneous by virtue of their core/shell structure, 
as distinguished from the homogeneous (no core/shell structure) copolymers described in tiie Background section 
above. 

This invention also provkJes articles coated with the aforesaid particles, and laminates incorporating the aforesaid 
55 particles. 
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DETAILED DESCRIPTION 

It has been discovered that small amounts of functional comonomers can be incorporated by copolymerlzatlon to 
form a shell on meft-f lowable f luoropolymer particles without changing the bulk physical properties of the original f luor- 

5 opolymer, and yet impart surprising adhesive properties. The functional comonomer provides a shell containing polar 
groups to greatly increase adhesiveness to a wide variety of substrates without detracting from the physical properties 
of the unmodified base f luoropolymer. 

A wide variety of comonomers can be used to introduce functionalities such as ester, alcohol, acid and salt and hal- 
ide thereof, cyanate, carbamate, and nitrile Into the shell. The choice of and amount of comonomer, and the functional 

10 group it provides, used will depend on the particular substrate to which the f luorlnated polymer is to be adhered. 

By way of example, omega-functional f luorinated vinyl ethers can be used to incorporate the functional group into 
the particle shell. These ethers retain the chemical and oxidative stability of copolymers such as copolymers of TFE 
with perf!uoro(alkyl vinyl ether) and/or hexafluoropropylene while providing a reactive (functional) group to contact the 
substrate to be bonded. The f luorinated vinyl ethers having sulfonyl fluoride or cartsamate functionality have been found 

15 to provide exceptional bond strengths. 

By way of additional example, a small amount of a functional monomer such as CF2=CF-0-CF2CF(CF3)-O- 
CF2CF2S02F (PDMOF), when incorporated into the shell of fluoropolymer particles converts the otherwise inert fluor- 
opolymer to one which exhibits an unexpected increase in adhesiveness, particularly to metal. Also unexpectedly, this 
polymer can also adhere to other fluorine-free materials, Including polymers such as nylon, polyimides and polyesters. 

20 At the same time, limiting the amount of functional monomer in the particles allows the resin to retain the basic chemi- 
cal, thermal, and other desirable properties of f luoropolymers. 

Most unexpectedly, such core/shell polymer particles are able to fuse with polytetraf luoroethylene (PTFE) witiiout 
any surges preparation, and to provide an adherent surges on said PTFE which will allow it to be bonded to a variety 
of other polymeric, metallic and inorganic materials witiiout any surface preparation. 

25 The particles of fluoropolymer resin of this invention can be produced by polymerization processes ttiat yield par- 
ticulate product as polymerized, wherein tiie functional monomer is added to the polymerizing monomers toward tiie 
end of ttie polymerization to form polymer particles having a shell of copolymer which contains the function nrwnomer. 
Such processes Include dispersion and suspension polymerization, including seed polymerization processes, and are 
known in tiie art, for example, aqueous dispersion polymerization. The resin particles of tiiis invention can be dry aggre- 

30 gates such as powders or pelletized resins, or can be dispersed in a liquid medium, e.g., water, as in an aqueous dis- 
persion, and can be used in dispersion form. When produced by aqueous dispersion polymerization, the resin particles 
of tiiis invention can be small, witii average particle size typically in tiie range 10-350 nm. usually 50-250 nm. The as- 
polymerized (raw) dispersion may be used as discharged from ttie reactor if it has adequate stability and/or wetting 
characteristics for the intended purpose. Alternatively, the raw dispersion can be adjusted by addition of surfactants, or 

35 concentrated and stabilized by techniques well known in tiie art. Other materials can be blended into the particle dis- 
persions for use in dispersion form, or such blends can be co-coagulated as a step toward dry blends or filled resins. 
The fluoropolymer particles of the present invention as an aqueous dispersion is another embodiment of the invention. 
Dispersion concentrations are typically in the range 5-40 wt% solids as polymerized, based on combined weights of sol- 
ids and liquid, and can be concentrated upward to about 70 wt% solids. Eitiier raw or concenb'ated dispersion can be 

40 diluted to a lower concentration as desired for use. 

Alternatively, traditional techniques known in tiie art (see U.S. Patent 5,266,639, for example) can be used to 
recover the fluoropolymer particles of this invention from the aqueous polymerization medium. For example, such meth- 
ods as coagulation by vigorous agitation, optionally with added electrolyte, or by freezing and tiiawing, followed by sep- 
aration of tiie wet solids from the liquid and then by drying can be used. 

45 In making tiie particles of tiiis invention, the polymerization process is carried out so as to form a core/shell particle 
sti-ucture. wherein the shell of the particle is distinguished from the core of the particle at least by the presence in ttie 
shell of a concentration of functional comonomer that is not present in tiie core. Preferably, tiiere is no functional comon- 
omer in the core, since functional confX)nomer can detract from the chemical and/or ttiermal properties of the f luorinated 
polymer, such as by reducing compatibility with non-functional fluoropolymer, and is costiy. There can be other differ- 

50 ences between core and shell, for example, a molecular weight difference or a difference in polymer composition aside 
from the presence of functional monomer. Furthermore, ttie core and/or the shell can vary in composition and/or molec- 
ular weight. Such variations can be sharply defined, so that tiie particle can have a multiplicity of discrete layers, or ttie 
radial variations can be gradual. However, for purposes of the present Invention, the core/shell interface is considered 
to be the boundary between polymer preferably containing no functional monomer and polymer containing functional 

55 monomer. Thus, tiie particle can be described as having a core of a first fluoropolymer and a shell of a second fluor- 
opolymer. with first and second f luoropolymers distinguished at least by the presence in the shell of units of units 
derived from functional monomer. Generally, the shell is no more than 25% of the particle by weight, and can be sub- 
stantially less, for example. 10% or 5%. When ttie f luoropolymers of the core and ttie shell are both TFE polymers, ttie 
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core and shell fractions of the particle are defined by the weight of TFE consumed, respectively, before and after the 
functional monomer is introduced. 

Functional monomers are monomers that, when incorporated into the second f luoropolymer (the shell) of the par- 
ticles of this invention, introduce into the second fluoropolymer pendant side groups containing functional units capable 

5 of chemical activity within the processing temperature range of the first fluoropolymer. By "chemical activity it is meant 
that the functional unit has the capability to interact with other material to achieve an adhesive bond. Base fluoropoly- 
mer, i.e., fluoropolymer without copolymerlzed functional comonomer. does not have appreciable chemical activity 
under melt conditions. Usually, but not necessarily, such functional units are at the ends of the pendant side groups. 
Examples of such functionality include ester, alcohol, add (including cartx)n-, sulfur-, and phosphorus-based acid) and 

10 salt and halide thereof. Other functionalities include cyanate. carbamate, nitrile, and the like. 

Functional monomers that introduce pendant side groups having such functionality can have the general formula 
CYiY2=CY3-Z wherein each Y is Independently H, F, or CI and Z contains a functional group. Preferably, each Y is F 
and -Z is -RpX. wherein Rf is a f luorinated diradical and X is a functional group that may contain CH2 groups. Preferably, 
Ri is linear or branched perf luoroalkoxy having 2-20 carbon atoms, so that the functional comonomer is a fluorinated 

IS vinyl ether. Examples of such f luorovinylethers include CF2=CF[OCF2CF(CF3)]rn-0-(CF2)nCH20H as disclosed in U.S. 
Patent 4,982,009 and the alcoholic ester CF2=CF[OCF2CF(CF3)]m-0-(CF2)n-(CH2)p-0-COR as disclosed in U.S. Pat- 
ent 5,310,838. Additional fluorovinylethers include CF2sCF[OCF2CF(CF3)]niO(CF2)nCOOH and its carboxylic ester 
CF2=:CF[OCF2CF(CF3)]mO(CF2)nCOOR disclosed in U.S. Patent 4, 138.426. In these formulae, m = 0-3. n = 1-4. p= 1- 
2 and R is methyl or ethyl. Preferred such fluorovinylethers include CF2=CF-O-CF2CF2-S02F; 

20 CF2=CF[OCF2CF(CF3)]0(CF2)2-Y wherein -Y is -SO2F, -CN, or -COOH; and CF2=CF[OCF2CF(CF3)]0(CF2)2-CH2-Z 
wherein -Z is -OH. -OCN, -0-(C0)-NH2. or •0P(0)(0H)2. These fluorovinylethers are preferred because of their ability 
to incorporate into the polymer and their ability to incorporate functionality into the resultant copolymer. 

Compounds having the formula CF2=CF-Rf-(CH2)n-X In which X is -OCN (cyanate), -0-(C0)-NH2 (carbamate), or 
-0P(0)(0H)2 (phosphono) can be synthesized as follows. The cyanate can be prepared in high yield by a one-step 

25 process in which known compounds having the general formula CF2=CF-Rr(CH2)n-OH (I), wherein n is 1-3 and Rf is 
perfluorolkyl or perf luoroalkoxy containing 1-20 carbon atoms, are reacted with cyanogen bromide (CNBr) or cyanogen 
chloride (CNCI) in the presence of non-nudeophilic base. The caitamate can be prepared from the cyanate by contact- 
ing cyanate with acid at elevated temperature for time sufficient to complete conversion of cyanate to carisamate. The 
phosphorus-containing compounds can be prepared In high yield by a process in which compounds (1) are reacted with 

30 P(0)Cl3 or P(0)Br3, either neat or in aprotic solvent, to obtain the chloride or bromide, e.g., CF2=CF-R,-(CH2)n- 
0P(0)(Cl2). followed by hydrolysis to obtain the add -0P(0)-(0H)2. Specific conditions are disclosed in Monomer Prep- 
arations 1-4 below. 

The amount of functional monomer In the fluoropolymer partides of this invention is small. Generally, the amount 
of functional monomer in the particle is no more than 5 wt%, preferably no more than 3 wt%. based on total weight of 

35 fluoropolymer. When the functional monomer has sulfonyl functionality, it is desirable for the amount of functional mon- 
omer to be no more than 1 wt%. especially no more than 0.5 wt%. The amount of functional monomer can be as low 
as 0.01 wt%, and even less depending on the stage at which the functional monomer is introduced into polymerization. 
The shell containing the functional monomer is preferably no more than 25% of the particle, based on TFE consumed 
in polymerization, and can be substantially less, for example, as little as 10%. or even 5%, of the particle. It is not nec- 

40 essary to have a uniform concentration of functional monomer tiiroughout the shell. Generally, it is preferred for func- 
tional monomer concentration to be highest at the particle surface. This can be achieved, for example, by starting 
addition of functional monomer at a selected point in the polymerization batch and continuing addition to the end of 
polymerization. 

Fluoropolymers in the core and shell of particles of this invention are copolymers of TFE and at least one fluori- 
45 nated comonomer other than a functional monomer, the shell additionally containing copolymerlzed functional mono- 
mer. Preferred non-functional fluorinated comonomers include perfluoroolefins having 3-8 carbon atoms and 
perfluoro(alkyl vinyl ethers) (PAVE) in which tiie alkyl group has 1-5 carbon atoms. Hexafluoropro^lene (HFP), per- 
fluoro(methyl vinyl ether) (PMVE), perfluoro(etiiyl vinyl ether) (PEVE). and perfluoro(propyl vinyl ether) (PPVE) are 
espedally preferred. The amount of non-functional comonomer is sufficient to reduce the melting point of the f luoropol- 
50 ymer substantially below that of TFE homopolymer. 

The fluoropolymers consitituting tiie particles of this invention are melt-flowable. and would be melt-flowable even 
without functional monomer present. As such, they generally have melt viscosity (MV) of no more than 10^ Pa • s. For 
convenient use as an adhesive, MV Is desirably in tiie range 0.01-20 x 10^ Pa • s, especially in the range 0.1-10 x 10^ 
Pa»s. 

55 A wide variety of articles can be derived from the core/shell particles of this invention. For example, tiie fluoropoly- 
mer partides of the invention are well suited for use in conjundion with materials of composition unlike the fluoropoly- 
mer. Because of the change of surface characteristics due to functional monomer in the particle shell, the fluoropolymer 
partide is compatible witii unlike materials to be able to bond to tiiem. Still, the fluoropolymer particle retains suffident 



4 



EP0 829 494 A2 



base f luoropolymer character to be compatiWe with base f luoropolymer and similar f luoropolymers. Thus, the f luoropol- 
ymer particle can be bonded to another material, either the functional entity of said particle being compatible with said 
material or the fluoropolymer portion of said particle being compatible with said material. This makes the corefehell 
fluoropolymer particle useful to enhance interfacia! interaction between dissimilar materials, one of which Is ordinarily 

5 base fluoropolymer or compatible with base fluoropolymer and similar f luoropolymers. The fluoropolymer particles can 
be used, for example, as an adhesive interlayer (or priming layer) In forming laminates of base fluoropolymer and unlike 
material such as other polymer or metal, and such use is within the scope of the inventon. Thus, this invention provides 
a convenient way to achieve a strong bond between such dissimilar materials witiiout undesirable nrKxIification of the 
bulk characteristics of one or both materials or without cumbersome and expensive treatments of intermediate struc- 

10 tural components. The process for such bonding comprises bringing fluoropolymer particles of the invention and 
anotiier material together, in contact with one anotiier, and heating the resultant assemblage of said material and said 
powder or melt mixture tiiereof to cause said material and said fluoropolymer to bond togetiier. Under the application 
of heat, dual compatibility of the fluoropolymer particles enables the fluoropolymer of the particles to fuse with, or to wet 
and thus bond to, other material tiiat is compatible with base fluoropolymer of the powder, and tiie functional portion of 

IS the particles to fuse witii, or to wet and thus bond to, otfier material that is compatible with the functional portion of the 
particle. 

As one skilled in the art will recognize, fluoropolymer particles of tills Invention can be used in many ways. Particles 
or particle aggregates, for example, can be sprinkled or dusted into place, can be applied to a surface from a dispersion 
or slurry, can be mixed with other powder or liquid as a binder or for otiier purposes, or can be distributed on a surface 

20 by one of several powder coating techniques such as electrostatic spraying or f luldized bed coating. Normally, ttie par- 
ticles will be fused in place by heating the powder above the melting temperature of the base fluoropolymer of the par- 
ticles, commonly with the application of pressure to create intimacy of contact between the particles and the surfeice of 
other nfiaterial to be bonded to the fluoropolymer particles. While tiie fluoropolymer particles may be used to create a 
free surface, there is particular value in using it as an intermediate between two otfier materials, one of which advanta- 

25 geously can be of base fluoropolymer. Thus, deposition of fluoropolymer particles at an interface between two other 
materials can be achieved in closely coupled operations or in operations separated both in time and place. For example, 
the fluoropolymer particles can be deposited on tiie surface of one material, followed by placement of a second mate- 
rial, followed by a single heating step. Alternatively, the particles can be attached to one material, and tiien mated witii 
a second nnaterial at a different time in a different place. Various such combinations of steps will readily occur to one 

30 skilled in the art. 

EXAMPLES 

Unless othenvise stated.melt flow rate (MFR) was measured at 372^C by the method of ASTM D-1 238-52T modi- 
35 f led as described in U.S. Patent 4.380.618. MFR is related to melt viscosity (MV) by tiie relationship MV = 53,1 5/MFR. 
when MFR is in units of g/1 0 min and MV is in units of 1 0^ Pa • s. 

Thermal characteristics of fluoropolymer resins were determined by DSC by tiie method of ASTM D-4591 -87. The 
melting temperature reported is tiie peak temperature of the melting endotherm. 

Average size of polymer particles as polymerized, i.e., raw dispersion partide size (RDPS), was measured by pho- 
40 ton con-elation spectroscopy. 

Fluoropolymer compositions were determined on 0,095-0.105 mm thick films, using Fourier transform infrared 
spectroscopy. For HFP determination, the method desaibed in U.S. Patent 4.380,618 was used. In general, the content 
of units derived from various monomers in the f luoropolymers was determined by infrared spectroscopy calibrated by 
"*^F NMR at high temperature, using tiie infrared bands and conversion factors given in Table 2. The content of a spe- 
45 crfic monomer in wt% was calculated as the ratio of ttie absorbance characteristic of that monomer at the approximate 
frequency given in the second column of tiie table to the absorbance at about 2365 cm-1 (internal thickness band near 
4.25 nm). multiplied by the factor given in the third column of the table. For functional monomers not listed in Table 2, 
concentrations were determined by ^^F NMR at high temperature. 

Acronyms or abbreviations for various monomers, both functional and non-functional, used in tiie following exam- 
50 pies are defined in Table 1 . 
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Table 1 



Monomer Identification 


Code 


Identification or Description 


TPP 


le u ai lUu oeiny 1 e n e 


HFP 


hexafluoropropyiene 


PMVE 


perfluoro(methyi vinyl ether) 


PEVE 


perfluoro(erthyl vinyl ether) 


PPVE 


perf luoro(propyl vinyl ether) 


PDMOF 


CFosCF^rOCFoCFrCFoll-O-CFoCFn-SOnF ft-fiuomeiilfr^nvl-nprflimrnr'^ A-Hinya.^.malhul.1 . 

octene) 


EVE-OH 


CF2=CF-[OCF2CF{CF3)]-0-CF2CF2-CH2-OH 9,9-dihydro-9-hydroxy-perfluoro(3.6-dioxa-5- 
methyl-1-nonene) 


EVE-OCN 


CF2=CF-[OCF2CF(CF3)]-0-CF2CF2-CH2-OCN 9-cyanato-9.9-dihydro-perfluoro(3.6-dioxa-5- 
methyl-1-nonene) 


EVE-carbamate 


CF2=CF-[OCF2CF(CF3)l-0-CF2CF2-CH2-0-(CO)-NH2 9-carbamate-9.9-dihydro-perfluoro(3,6- 
dioxa-5-methyl-1 -nonene) 


EVE-P 


CF2«CF-[OCF2CF(CF3)l-0-CF2CF2-CH2-OP(0)(OH)2 9-phosphono-9,9-dihydro-perfluoro(3.6- 
dioxa-5-m6thyl-1 -nonene) 


8-CNVE 


CF2=CF-[OCF2CF{CF3)]-0-CF2CF2-CN 8-cyano-perfluoro(3.6-diaxa-5-methyl-1 -octene) 


EVE-COOH 


CF2=CF-[OCF2CF{CF3)]-0-CF2CF2-COOH 8-carboxyl-perfluoro(3,6-dioxa-5-methyl-1-octene) 



Table 2 



IR Factors for Functional Units 


Monomer 


Frequency (cm"**) 


Factor 


HFP 


983 


3.2 


PMVE 


890 


7.0 


PEVE 


1090 


1.33 


PPVE 


995 


0.94 


PDMOF 


1795 


1.33 


EVE-OH 


2954 


620 


EVE-cart)amate 


1763 


1.58 


EVE-COOH 


1773 


1.88 



TFE/PEVE copolymer with PDMOF In shell 

In a horizontal 1 -gal (3.8-L) autoclave, equipped with a paddle agitator, 2350 mL of demineralized water were dear- 
eated by evacuation and purging with nitrogen. While under vacuum, 26 mL of a 20 wt% solution of the ammonium salt 
of perfluorooctanoic acid {C-8) in water. 60 mL of PEVE. and 4 mL of chloroform were added. The temperature was 
increased to 80''C and the pressure was increased to 300 psig (2.17 MPa) by addition of TFE. An initial charge of 40 



6 



EP0 829494 A2 



mL of a 2 g/L solution of ammonium persulfate (APS) in water was added. At kickoff, as determined by a 5 psi (0.03 
MPa) pressure drop, TFE addition was begun to maintain pressure at 300 psig, and feeds of 1 mUmin of PEVE and 2 
mL/min of the initiator solution were begun. When 680 g of TFE had been added to the reactor after kickoff. the PEVE 
addition was stopped and a feed of 0.5 mL/min of the functional monomer PDMOF was begun. After about 900 g of TFE 

5 had been added after kickoff. all feeds were stopped, the autoclave was vented and the product dispersion was col- 
lected. Solids content of the dispersion was 26.6 wt%. An aliquot of the dispersion was diluted with an equal volume of 
demineralized water and shear coagulated in a Waring blender. The wet resin was rinsed three times with demineral- 
ized water, and dried at 1 50'*C. The product resin contained 9.0 wt% of PEVE and 0,22 wt% of PDMOF, as detemnined 
by Fourier transform infrared (FTIR) spectroscopy which had been calibrated by ''^F NMR. The MFR was 1 17 g/10 min. 

10 Melting point was 295.9°C. 

A portion of the powder solids was suspended in isopropanol to form a thin sluny (5 g in 1 5 mL alcohol). The slurry 
was coated onto an aluminum sheet using a #24 wire-wound rod (R. D. Specialties, Inc.) and the alcohol allowed to air 
dry. Average coating density was determined to be about 2.2 mg/cm^. Pellets of a TFE/PPVE copolymer resin that has 
been chemically modified to enhance purity and improve thermal stability (Teflon® PFA fluoropolymer resin grade 440 

15 HP, DuPont) were placed on the coating in a 0.010-inch (0.25-mm) thick and 6-inch (15.2-cm) square chase having a 
4-inch (10.2-cm) square opening and another aluminum sheet was placed on top of the construction. The sandwich 
was compression molded in a laboratory press at 350''C in an 8-min cycle (3 min at platten contact. 2 min to increase 
ram force to 5000 lb {2273 kg}, and 3 min at 5000 lb), removed from the press and quenched in ice water. The aluminum 
sheet on the 440 HP side of the construction easily peeled from the resin surface, indicating zero peel strength. The 

20 side treated with powder of the invention remained adhered to the aluminum. A 1-inch (2.54-cm) wide strip of this 
adhered side was cut and subjected to peel testing in an Instron tensile tester. Average peel strength was 310 g/cm, 
showing the enhanced adhesion of the polymer particles of this invention, despite the low concentration (0.22 wt%) of 
PDMOF 

25 Example 2 

Dried copolymer powder from Example 1 was suspended in isopropanol as befae and coated using a 0.152-mm 
(6-mil) draw knife onto a sheet of sintered pdytetrafluoroethylene (PTFE) of 0.05 mm (2 mil) thickness. After air drying 
to remove the isopropanol. the coated PTFE was placed into an air oven at 380^0 for 30 min. The resulting coating den- 
30 sity was 1 ,6 mg/cm^. 

The side of the PTFE sheet primed with the copolymer particles was placed in contact with a clean aluminum plate 
and the construction was placed in a heated platen press at 320''C for 1 min to preheat, 3 min at 5000 lb (2270 kg) and 
then 1 min at 20.000 lb (9090 Kg) force to bond the PTFE to the aluminum, with the press load applied to an area of 4 
inch X 8 inch (10.2 cm x 20.3 cm). The laminate was then removed to a room temperature press where it was held at 
35 5000 lb force for 1 min to cool. Average peel strength was 500 g/cm of width. A similar but unprimed PTFE sheet 
showed no detectable adhesion to aluminum under the same molding conditions. 

A second laminate prepared as above was placed in boiling water for 2 hr. After this exposure, the laminate had a 
peel strength of 214 g/cm, demonstrating good retention of adhesive bonds fbrmed using core/shell polymer particles 
of this invention. 

40 

QompylspnA 

A commerdally available solution of TFE/PDMOF copolymer which has been hydrolyzed to the suHbnic acid form 
and having equivalent weight of about 1 100 (Nation® solution NR-005, DuPont Company, nominal 5 wt% solids) was 

45 coated onto a 2 mil thick sintered PTFE sheet using a draw knife to deliver a 0.006 inch (0. 1 5 mm) thick solution coating. 
This copolymer would have a PDMOF content of about 40 wt%. See U.S. Patent 4,433.082. The solvents in the solution 
were allowed to air dry and the coated sheet was placed into an air oven at 380''C for 30 min as in Example 2. The 
primed side of the sheet was compression moMed against an aluminum sheet as above. An attempt at peel testing 
showed no measurable adhesion, in that the PTFE film peeled from the aluminum surface while a strip of laminate was 

50 being inserted into the clamping jaws of tiie tensile tester. Thus, despite a concentration of PDMOF substantially higher 
than in the core/^hell copolymer particle of Example 1 . adhesion is deficient relative to that of Example 1 . 

Cpinparlson B 

55 A slurry of TFE/PDMOF copolymer resin, the precursor to the hydrolyzed resin of the NR-005 solution in Compar- 
ison A, in 1 ,1 ,2-trichloro-1 ,2,2-trifluoroethane (CFC-1 13) was coated onto untreated aluminum sheet and the CFC-1 13 
was allowed to evaporate. To remove residual solvent, the powder-coated sheet was dried for 15 min at 100 degC. A 
laminate was prepared and press molded as in Example 1 . Upon cooling, the PFA 440 HP layer peeled easily from botii 
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the untreated aluminum and the powder-coated aluminum, indicating no measurable adhesion despite the high concen- 
tration of PDMOF in the TFE/PDMOF copolymer. 

Comparison C 

5 

A laminate was prepared generally as in Example 1, except that no adhesive layer was coated onto the aluminum 
sheet and a TFE/PPVE copolymer resin that had not been chemically modified (Teflon® PFA fluoropolymer resin grade 
340, DuPont) was used instead of the PFA 440 HP resin, this TFE/PPVE resin having the best chance of sticking to the 
aluminum. Peel force was only 35 g/cm, which further indicates that the level of adhesion obtained with the f luorinated 
10 copolymer particles of the Invention is due to the copolymerized functional monomer in the shell. 

Example 3 

TFE/HFP copolymer with PDMOF in shell 

IS 

In the autoclave of Example 1. 2250 mL of demineralized water were deareated by evacuation and purging with 
nitrogen. While under vacuum. 20 mL of a 20 wt% solution of C-8 in water and 8 mL of chloroform were added. The 
temperature was increased to S&'C and the pressure was increased to 450 psig (3.2 MPa) by addition of HFR Then 
pressure was further increased to 650 psig (4.6 MPa) with TFE. An initial charge of 60 mL of a 5 g/L aqueous solution 

20 of APS was added. At kickoff, TFE addition was begun to maintain pressure at 650 psig and a feed of 2 mL/min of the 
same initiator solution was begun. After 1 .5 lb (0.63 kg) of TFE were added to the autoclave after kickoff. a feed of 5 
mL/min of PDMOF was begun. After 2 lb (0.91 1^) of TFE had been added after kickoff, all feeds were stopped and the 
reactor pressure was allowed to drop to 550 psig (3.9 MPa). The autoclave was then vented and the dispersion was 
collected. Solids content of the resulting dispersion was 26.6 wt%. An aliquot of the dispersion was shear coagulated 

25 in a Waring blender, rinsed with demineralized water, and dried at 1 50°C. Analysis by FTIR, which had been calibrated 
by NMR. showed the resin produced contained 1 3.8 wt% of HFP and 0.51 wt% of PDMOF. The melt flow rate at 372*C 
was 38 g/10 min. A laminate was prepared as in Example 2. Peel strength was 1 60 g/cm, despite the low concentration 
of PDMOF In the resin. 

30 Example 4 

TFePMVE copolymer with PDMOF In shell 

In the same autoclave as above, 2100 mL of demineralized water were deareated by evacuation and purging with 
35 nitrogen. While under vacuum, 12 g of a 33 wt% solution of a mixture of Ce-Cie perfluoroalkyi ethane sulfonic acids 
(Zonyl® TBS f luorochemical surfactant. DuPont Company) in water and 1 mL of chloroform were added. Temperature 
was increased to 80°C and 120 mL of PMVE were added by a piston displacement pump. Pressure was increased to 
350 psig (2.5 MPa) with TFE. An initial charge of 50 mL of a 5 g/L solution of APS was added. At kickoff, addition of 
PMVE was begun at 1 mL/min. and TFE addition was begun to maintain pressure at 350 psig. A feed of 0.75 mL/min 
40 of the same initiator solution was also begun. After 1 .5 lb (0.68 kg) pounds of TFE were added to the recipe after kickoff, 
a feed of 5 mL/min of PDMOF was begun. After 2 lb (0.91 kg) of TFE were added after kickoff. all feeds were stopped, 
the autoclave was vented, and the dispersion was collected. Solids content of the collected dispersion was 19.5 wt%. 
An aliquot of the dispersion was coagulated by freezing, rinsed three times with demineralized water, and dried at SO^'C 
in a vacuum oven. Analysis by FTIR showed that the resin contained 10.9 wt% of PMVE and 2.9 wt% of PDMOF The 
45 melt flow rate was 24.1 g/10 min. Melting point, as measured by DSC. was about 265°C. A laminate was prepared as 
in Example 2. Peel strength was 200 g/cm. 

Eyfimpig g 

so TFE/PMVE copolymer with EVE-OH In shell 

The polymerization procedure of Example 4 was essentially followed, except that the charge of demineralized 
water was 2000 mL, the feed of PMVE was stopped after 340 g of TFE had been added after kickoff and a feed of 1 
mL/min of EVE-OH was started at this point in place of the PDMOF feed, and the total amount of TFE added (after kick- 
55 ofO was 454 g. Solids content of the resulting dispersion was 17.1 wt%. To coagulate the dispersion, an aliquot was 
placed in freezer overnight. The frozen aliquot was thawed by a warm demineralized water rinse into a Bucherer funnel 
fitted with a No. 40 Whatman filter paper. The coagulated polymer was rinsed and filtered three times to remove inor- 
ganic residues and then dried overnight at lOO^'C. Analysis by FTIR, which had been calibrated by NMR, showed that 
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the core/shell copolymer contained 26.9 wt% of PMVE and 3.1 wt% of EVE-OH. The melt flow rate at 372**C was 0.5 
g/10 min. DSC analysis showed no evidence of a melting point. The freeze coagulation yielded a coarse powder which 
was sieved to isolate a fraction that passed through a 40-mesh screen (< 420 ^m particle size). This fraction was dusted 
onto an aluminum sheet so as to provide a uniform monolayer of powder, i.e., a layer one particle thick. A laminate was 
5 constructed and molded as in Example 1. Peel strength (PFA 440 HP to powder-coated aluminum) was 300 g/cm, 
showing the good adhesion obtained with the core/shell particle of this Invention having functional units only in tiie shell. 

Monomer Preparation 1 

10 CF2=CFO-CF2CF{CF3)0-CF2CF2-CH2-OCN 

To a pre-dried flask were charged EVE-OH (39.4 g, 0.10 mol) and cyanogen bromide (1 1 .13 g. 0.105 mol) in ace- 
tone solvent (60 mL) with vigorous stin'ing. Trietiiylamine (1 1 .1 1 g, 0.1 1 mol) was added slowly into the above solution. 
The reaction temperature was kept at around 0°C by external cooling. After the addition was complete, the reaction mix- 
15 ture was stirred at O^'C for 15 to 30 min. tiien was dumped into ice water. The bottom organic layer was separated, 
washed with water and distilled to give a clear, colorless liquid having a boiling point of 47''C at 0.7 mmHg. and identified 
by infrared spectroscopy and ^^F NMR as 9-cyanato-9.9-dihydroperfluoro-(3.6-dioxa-5-methyl-1-nonene) (EVE-OCN. 
formula above). Yield was 26 g (62%). 

20 Monomer Preparation 2 

CF2=CFO-CF2CF(CF3)0-CF2CF2-CH2-0-{CO)-NH2 

EVE-OCN (30 g. 0.0716 mole) was mixed with 8 mL of 6 N HCI and was stirred for 6 hr at ambient temperature. 
25 The temperature was then raised to SO^^C and after 2 hr the conversion of the starting material was complete. The bot- 
tom organic layer was separated, washed with water, and distilled to give 20.6 g (65.8% yield) of EVE-carbamate. for- 
mula above, as a dear, colorless liquid having a boiling point of 80'*-84''C at 2 mmHg. The EVE-carbamate structure 
was confirmed by ^^F and proton NMR and IR. 

30 Example 6 

TFE/PEVE copolymer with EVE-OCN in shell 

A 1 -gal autoclave was charged with 2300 mL of demineralized water which were deareated as before. While under 

35 vacuum, 25 g of a 20 wt% solution of C-8. 17 mL of PEVE and 1 g of ethane were added. The temperature was 
Increased to 80**C and the pressure was increased to 300 psig (2.1 7 MPa) by addition of TFE. An initial initiator charge 
of 60 mL of a 2 g/L aqueous solution of APS was added. At kickoff. as determined by a 5 psi (0.03 MPa) pressure drop, 
a feed of a mixture of TFE and PEVE in the ratio TFE:PEVE = 97.1 :2.9 by weight was begun to maintain pressure at 
300 psig. Also, an addition of 0.5 ml7min of the same initiator solution was begun and was continued tiiroughout tiie 

40 polymerization. When 600 g of TFE/PEVE mixture had been added after kickoff, 1 0 mL of EVE-OCN were added. After 
650 g of TFE/PEVE mixture had been added after kickoff, all feeds were stopped and the pressure was allowed to drop 
to 150 psig (1.1 MPa). The reactor was vented and cooled, and tiie product dispersion was collected. Solids content of 
the dispersion was 22.2 wt%. The dispersion was coagulated and the copolymer resin was isolated essentially as in 
Example 1. The dried product resin contained 2.44 wt% PEVE and 0.83 wt% of units derived from EVE-OCN but 

45 present witii carbamate functionality, as determined by FTIR spectroscopy. I.e., under these polymerization conditions, 
all detectable -OCN was converted to -0-(C0)-NH2. The melt flow rate, as measured at 372°C with a 1060 g weight, 
was 1 1 .5 g/1 0 min. MeKing point was 309**C as measured by DSC. Using a portion of ttie powder solkJs, a laminate was 
prepared as in Example 1 except than an 8-mll (0.2-mm) draw bar was used instead of the wire wound rod. Again, tiie 
aluminum sheet on tiie 440 HP side of the construction easily peeled from tiie resin surface white the powder treated 

50 side remained adhered to the aluminum. Average peel strengtii was 2.0 lb/Inch (360 g/cm), showing tiie enhanced 
adhesion of the polymer of this invention. 

Monomer Preparation 3 

55 CF2=CFO-CF2CF(GF3)0-CF2CF2-CH2-OP(0)-Cl2 

A pre<lried flask was charged with EVE-OH (257 g. 0.652 mol). phosphoryl chloride (500 g, 3.257 mol) and anhy- 
dorus calcium chloride (3.6 g, 0.0324 mol). This reaction mixture was heated at 1 10*^0 for 6-8 hr or until tiie EVE-OH 



9 



EP0 829494A2 



starting material was consumed. The excess phosphoryl chloride was recovered by distillation at normal pressure. The 
residual liquid was then distilled under reduced pressure to give 9-phosphonochloride-9,9^ihydroperf luoro(3.6-dioxa- 
5-methyl-1-nonene) (EVE-P-chloride. formula above) product as a clear, colorless liquid having a boiling point of 85*- 
90**C at 5 mmHg (or 67«-72«»C at 2 mmHg). Yield: 200 g (60%). 

5 

^nomer Preparation 4 

CF2=CFO-CF2CF{CF3)O^F2CF2-CH2-OP(0)-(OH)2 

10 A round bottom flask was charged with 700 g (1 .37 mol) of EVE-P-chloride and water (49.4 g. 2.75 mol) was slowly 
added. After all the water was added, the reaction mixture was stin-ed vigorously at ambient temperature overnight, then 
placed under high vacuum at 60"C to remove any residual water and to give 9-phosphono-9.9-dihydro-perfluoro{3,6- 
dloxa-5-methyl-1 -nonene) (EVE-P, formula above) product as a clear, viscous liquid (640 g.98,e% yield). 

IS Example 7 

TFE/PEVE copolymer with EVE-P in shell 

The polymerization procedure of Example 6 was essentially followed, except that the precharge of demineralized 
20 water was 2100 mL and 10 mL of EVE-P in 300 mL of demineralized water were used instead of the EVE-OCN. Solids 
content of the resulting dispersion was 22.5 wt%. An aliquot of the dispersion was placed into a freezer and allowed to 
freeze solid overnight. Upon thawing, the resulting suspension was filtered through Whatman 541 paper on a Bucherer 
funnel and washed three times with demineralized water. The solids were then dried overnight at lOO^'C. Melting point 
was determined to be 31 3*^0 by DSC. Analysis by FTIR. which had been calibrated by NMR. showed that the copolymer 
25 resin contained 1 .97 wt% of PEVE and 0.23 wt% of EVE-R The melt flow rate was 12 g/10 min. A laminate prepared 
using this powder according to the procedure of Example 5 gave a peel strength of 270 g/cm. 

Examples 

30 TFE/PEVE copolymer with EVE-carbamate In shell 

The polymerization procedure of Example 6 was essentially repeated, except that E VE-caibamate was used as the 
functional monomer instead of the EVE-OCN, and the amount was 9.6 mL instead of 10 mL. Solids content of the dis- 
persion was 20.3 wt%. Polymer isolation was by freeze coagulation as in Example 7. The dried product resin contained 
35 6.65 wt% of PEVE and 1 .07 wt% of units derived from EVE-carbamate. Melting point was 289'C, The copolymer resin 
powder was used to produce a laminate as In Exanple 1 which gave a peel strength of 480 g/cm. 

Example 9 

40 TFE/PEVE copolymer with 8-CNVE in shell 

The procedures of Example 6 were essentially repeated, except that 8-CNVE was used as the functional monomer 
instead of the EVE-OCN. Solids content of the dispersion was 21.9 wt%. The dried product resin contained 2.63 wl% 
of PEVE and 0.50 wl% of units derived from 8-CNVE. Melting point was 308*C. The copolymer resin powder was used 
45 to produce a laminate which gave a peel strength of 355 g/cm. 

TFE/PEVE copolymer with EVE-COOH In shell 

so 

The polymerization procedure of Example 6 was essentially repeated, except that EVE-COOH was used as the 
functional monomer instead of the EVE-OCN. Solids content of the dispersion was 22.4 wt%. Polymer solids were iso- 
lated by shear coagulation with addition of enough nitric acid to produce a clear mother liquor. The dried product resin 
contained 5.95 wt% of PEVE and 1 .94 wt% of units derived from EVE-COOH. The copolymer resin powder was used 
55 to produce a laminate as in Example 6 which gave a peel strength of 260 g/cm. 
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Claims 

1. Particles consisting essentially of melt-flowable fluorinated polymer, said particles having a shell of fluorinated 
copolymer containing copolymerized units of functional monomer. 

2. Particles of fluorinated polymer, said particles having a core of a melt-f lowable first f luoropolymer consisting essen- 
tially of tetraf luoroethylene and at least one copolymerizable fluorinated non-functional monomer, and a shell of a 
melt-flowable second fluoropolymer comprising tetrafluoroethylene. at least one copolymerizat)le non-functional 
fluorinated monomer, and at least one copolymerizable functional monomer. 

3. The particles of Claim 1 . wherein said functional monomer has alcohol, acid and salt and halide thereof, cyanate, 
cart>amate. or nitrile functionality. 

4. The particles of Claim 3, wherein said acid is carbon-based, sulfur-based, or phosphorous-based. 

5. The partides of Claim 3, wherein said functional monomer is functional f luorovinylether. 

6. The fluorinated polymer particles of Claim 1 as an aqueous dispersion. 

7. An article derived from the fluorinated polymer particles of Claim 1 . 

8. The article of Claim 7, wherein said article is a coated article, comprising a substrate coated with a coating, wherein 
said coating comprises the copolymer particles of Claim 1 , said particles being fused. 

9. The coated article of Claim 8. wherein said substrate comprises normally non-adherent perfluoropolymer. 

10. The coated article of Claim 9, wherein said perfluoropolymer is polytetraf luoroethylene. 

1 1 . A process for bonding melt-flowable fluoropolymer particles to another material, comprising bringing said particles 
and said material together, in contact with one another, said particles having a functional comonomer copolymer- 
ized only in the shell of said particles, either the functional portion of said particles being compatible with said mate- 
rial or the fluoropolymer portion of said particles being compatible with said material, and heating the resultant 
assemblage of said material and said particles to cause said material and said fluoropolymer particles to bond 
together. 
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